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2020: 
Nobel Prize – Jennifer Doudna – CRISPR genome editing

CRISPR cure – Victoria Gray

JAD (April 2018): “CRISPR as the standard of medical care” – unique opportunity to make this reality
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Genome editing as a 
therapeutic:

2030
2005 – 2021 

2030

1



Sana

bluebird

Ambys

2002: gamma-retro SAE for X-SCID

2005: Nature

2010: Nature Reviews Genetics

20% IL2Rg
mutation 
correction

2009: first subject dosed with ex vivo gene-edited T cells

>100 subjects dosed, no tmt-related SAEs

2010: first subject dosed with ex vivo gene-edited HSPCs
2017: first subject dosed in vivo

Clinical trials for:
MPS1
MPS2
Hemophilia B

2018: first IND for genome editing in the hemoglobinopathies

Senti



2008-2018:

Charted preclinical path for ex vivo and in vivo

Patient Cause Effector Efficacy Safety CMC Regulatory Trial

Cheap + fast Slow + expensive Very slow + 
expensive



Hbopathies, cancer, and some rare disesase
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Editas: LCA Intellia: ATTR CRISPR Tx: CD19 CAR-T Cellectis: CARs Allogene: CARs

On approach: Exonics/Vertex, Verve, Beam, Sana, … 



There will be approved editing medicines (CRISPR-based and using other nuclease platforms) for:

- Cancer (allo CAR-T)

- Sickle and thal

- A small number (< 10) of genetic diseases such as TTR or LCA or familiar hypercholesterolemia

It is certain that, in the US, they will be priced in the > $2 million / patient range.

It is also certain that the VAST majority of “rare” genetic disease will remain unaddressed.

CRISPR 2030: if current trends continue …
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The vision of 
“CRISPR cures for all” 
is under threat2



Karly Koch, 20, Muncie, Ind. 

“She has a rare genetic immune disorder,  and has written about her end-of-life plans”

https://well.blogs.nytimes.com/2015/03/28/teen-advance-directive-end-of-life-care/

Why didn’t someone edit Karly?



Karly had an immunodeficiency due to loss-
of-function mutations in DOCK8 (chr 9p)
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IND #1 IND #2



… and now multiply that by 416
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Jennifer Puck (UCSF)



The fact that editing represents an approach 

to the majority of primary immunodeficiences 

in principle does not mean that some biotech 

will take on disease #314 in practice. 

We need a fundamentally new N=1 framework.

And it has to be a public-sector one.



There is a giant gap between commercially 

viable products (eg allo CAR-T, SCD/TDT, 

hemophilia), and N=1 indications where the 

NPV is such that it makes no commercial sense 

for a for-profit-entity to take it on.



A once-in-a-generation 
moment in 
biotechnology3



Slide courtesy of Timothy Yu, Boston Childrens



Slide courtesy of Peter Marks, FDA CBER



Broad Area of Opportunity:

Enabling Equitable Access to 
CRISPR-Cas Treatments 

for Severe Disease 



From N=1 to N=many

A case study
4



Not merely a line on page 19 out of 41 …
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Type 1
Diabetes

Auto-
antibodies

ITP, AIN



Jennifer Doudna

Alex Marson

Jonathan Esensten

Brian Shy

2015: T cell editing w Cas9 RNP -> 2018: all-nonviral T cell mutation repair (Nature)

Compound
Heterozygote 1

Compound
Heterozygote 2

Compound
Heterozygote 3
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Healthy Donor

Collect

Sort

Expand

Correct

IL2RA Loss-of-function Mutations
Exon 4 Stop Codon (c.530A>G)
Exon 8 Deletion (c.530A>G)

Wrapping up for a 2021 N=1 IND



California has a vibrant cell/gene therapy/editing 
ecosystem in its research universities

Maria Grazia Roncarolo

Matthew Porteus
(both Stanford)

Don Kohn (UCLA)

Mark Walters (UCSF)

Open IND for 
editing in SCD 

Nov 2020

Open IND for 
editing in SCD 

Nov 2020



Don Kohn (UCLA)

Kohn, Booth et al, NEJM, In Press

50
PEDIATRIC 
SUBJECTS



A CIRM Consortium 
for CRISPR CuresC4



Team up (”Avengers”)

Existing strengths -> core hubs

“Maniatis mindset”: standardize!

Key partners: FDA + industry



Patient

Causative 
Variant

Effector

Efficacy, 
safety

CMC

Clinical 
Trial



Patient

Causative 
Variant

Effector

Efficacy, 
safety

CMC

Clinical 
Trial

Editing strategy
KO, repair, TI, new?

Editing mode:
Cutting, base, prime, epi, new?

Which Cas?
Evergreen “Library of CRISPR”

Design

CMC
In-house vs industry CRO

Research lead (1 week) – max. efficiency – transfer to Team PD for pilot runs and Team Biology

Clinical lead (6-8 weeks) – maximal efficiency, FDA-grade specificity – Team PD eng. Runs

Team Tox – maximal focus on ex vivo – scientific + regulatory innovation

+1 Kevin Eggan, Peter Marks, Cat Jamieson re innovation in tox and LTFU!!! +1 Chris re PM!



An FDA-grade CRISPR Cures Cookbook 
continuously upgraded by clinical experience

Patient 
#1

Patient 
#2

Patient 
#3

Patient 
#4

Patient 
#5

Patient 
#6

“On-ramp for training next generation of translational scientists and clinician-scientists”



Beyond Blood – Leveraging Nonviral Cell 
Engineering / Screening Into Oncology

Alex Marson

Nature 2018: nonviral T cell editing Cell 2018, 2020: nonviral T cell functional genomics for CART

PANEL
OF
INDs

Multiplex all-nonviral cell editing / epiediting for cancer therapeutics

Toni Ribas

But what about Allogene, Sangamo, Lyell, CRISPR Tx, Beam, Cellectis, Sana, T-munity, Poseida, Senti and a formidable number of other companies? -> not a zero sum game!



Why build a dam in Arkansas?

“These projects produce wealth, they bring

industry, they bring jobs, and the wealth they

bring brings wealth to other sections of the

United States. This State had about 200,000 cars

in 1929. It has a million cars now. They weren't
built in this State. They were built in Detroit. As

this State's income rises, so does the income of

Michigan. As the income of Michigan rises, so

does the income of the United States. A rising

tide lifts all the boats and as Arkansas becomes

more prosperous so does the United States and

as this section declines so does the United

States.”

“A rising tide lifts all boats” – JFK 1963
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